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Feasibility Study 
Glenna Property - Balsam Lake 

Executive Summary 

Introduction and Background 
Mead and Hunt, Inc., has completed a feasibility study on the Glenna Property, an 80-acre 
parcel of land upstream of Balsam Lake in Polk County, Wisconsin. The study's main goal 
was to determine a feasible alternative to improve the lake's water quality by treating the 
water in Rice Creek, a major tributary of the lake. Steady development near the lake has 
increased its sediment and nutrient loadings, encouraging algal bloom growth and causing 
a noticeable decrease in water clarity beginning in the early 1980s. 

Since then, water quality studies have shown that the lake's excessive weeds and poor water 
clarity in the summer are due to high inflows of phosphorus from Rice Creek and the 
Milltown Sanitary Treatment Plant (WDNR, 1991). Based on those studies, the Balsam Lake 
Protection and Rehabilitation District, the Wisconsin Department of Natural Resources, and 
the Polk County Land Conservation District have taken steps to improve Balsam Lake water 
quality by reducing the phosphorus content. The WDNR established the Balsam Lake 
watershed as a Priority Watershed Project and has also constructed wetland demonstration 
projects to treat nonpoint source pollution within the lake's watershed. Polk County has 
plans to construct erosion control and water pollution control devices on agricultural land 
within the watershed and sediment basins on Rice Lake tributaries upstream of Rice Creek, 
and also plans to purchase a buffer around Rice Lake. The WDNR has also recently 
attempted to stabilize the lake bed by reestablishing wild rice there. Although those 
attempts have been unsuccessful so far, in 1998 Polk County hopes to reestablish wild rice 
on the lake bed after first consolidating it by an extended lake drawdown. 

Using a grant from the WDNR Lake Protection Program, the Balsam Lake Protection and 
Rehabilitation District purchased the Gler~na property to construct water quality 
irnprovements on the site for treating phosphorus-laden water in Rice Creek. The District 
retained Mead & Hunt, Inc., of Madison, Wisconsin, and Enviroscience of Eden Park, 
Minnesota, to assist in planning, designing, and constructing those improvements. This 
report documents the feasibility and assumptions of various alternatives on this site to 
improve Balsam Lake water quality. 

Appendices A and B contain site location maps of Balsam Lake and the surrounding area 
and the Glenna property. 

Phosphorus Removal Objective 

The primary study goal was to analyze phosphorus removal structural practices along Rice 
Creek as it flows through the Glenna site that would remove at least 50 percent of the 
phosphorus loading into Balsam Lake from Rice Creek. 

Data Analysis 

The existing data were analyzed to determine the phosphorus loading rate into Little Balsam 
Bay from Rice Creek. The average streamflow rate was determined to be 4.4 cubic feet per 
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In this comparison, the most feasible three alternatives from economic and engineering 
perspectives are (in descending order): 

Sediment basin 
Chemical precipitation 
Dissolved air flotation 

However, this report only considered the use of water quality improvement alternatives acting 
independently of the others. Based on our analysis, the most feasible alternative is a 
combination of a sediment basin with chemical precipitation that drains into a wetland, 
combining the two most feasible options with the low-cost wetland option. Using a sediment 
basin in conjunction with wetlands will, together, remove over 50 percent of the phosphorus. 

The next step in the design process is to participate in the WDNR priority watershed 
program for Balsam Lake to obtain financing for design and construction of the 
recommended improvements. The application for funding grants is due June 1, 1996. 
Design will start on January 1, 1997, if priority watershed funding can be obtained. 

Mead & Hunt recommends that the BLPRD pursue the following activities in the order listed: 

Participate in the Balsam Lake Priority Watershed Program. 
Undertake a detailed design project. 
Apply for construction permits. 
Construct the water quality improvement. 
Routinely maintain the structure once construction ends. 
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second (cfs), and phosphorus concentrations in Rice Creek were calculated to be about 
1,500 pounds per year. To meet the 50 percent phosphorus removal goal, Mead & Hunt 
determined that the water quality structural improvement should remove 750 pounds of 
phosphorus annually. 

Existing Site Conditions 
The Glenna site topography is rolling hilltops with a wide valley that narrows from west to 
east. Rice Creek flows easterly for approximately 4,000 feet through the site. The Rice 
Creek drainage area calculated from the U.S. Geological Survey topographic map at the 
property (upstream of Otter Creek) is approximately 4.5 square miles. 

Enviroscience gathered the field data, which, together with the creek profile, show that Rice 
Creek's channel slope and configuration is divided into three major segments as it flows 
through the Glenna property (see Appendix C and Figures 1, 2, and 3). Wetlands fall into 
three categories on the site's western, central, and eastern areas; the wetland delineation 
report is presented in Appendix D. 

Soil borings were taken at six locations throughout the site to determine ground water levels 
and soil type (see Appendix E). The site is primarily sand overlain with organic materials, 
which are ideal for phosphorus removal. 

Summary of Alternatives, Recommendations, and Future Activities 
The alternatives discussed in this report were selected because of their very promising 
phosphorus removal rates. The WDNR is considering these alternatives and is interested 
in funding construction; permitting issues will be addressed early in the design phase. 

Figures 4 - 12 in the report detail the alternatives considered in this study. The following 
briefly summarizes their cost and feasibility. 
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Alternative 

Sedimentation basin 

Modified wetland 

Wahnbach process 

Dissolved air flotation 

Chemical precipitation 
into settling basin 

Cost ($) 

384,000 

120,000 

750,000-1 million 

300,000-400,000 

446,400 

Negatives 

requires maintenance 

inadequate peat wetland 
area 

high construction 
and & costs 

requires manpower, 
0 & M costs, and 
new technology 

high construction costs 

Feasibility 

feasible 

infeasible individually 

feasible engineering 
infeasible economically 

feasible 
(tentative) 

feasible 



Feasibility Study 
Glenna Property - Balsam Lake 

1. Introduction 

Mead and Hunt, Inc., has completed a feasibility study on the Glenna Property to determine 
the feasibility of various alternatives to improve the water quality in Rice Creek, a major 
tributary to Balsam Lake. Funded by the Balsam Lake Protection and Rehabilitation District 
(BLPR) and the Wisconsin Department of Natural Resources (WDNR) Lake Planning Grant 
Program, the study's primary objective is to determine a feasible alternative to improve 
Balsam Lake water quality by treating the water upstream in Rice Creek. 

Balsam Lake, the largest in Polk County, Wisconsin, is a three-basin, 1,900-acre lake that 
receives flow from two main tributaries, Rice and Harder Creeks. Harder Creek begins 
upstream of Half-Moon Lake and flows through and discharges to the main basin of Balsam 
Lake. Rice Creek begins upstream of Rice Lake and flows through and discharges to Little 
Balsam Lake. The only ouMow from Balsam Lake is through Balsam Branch. Appendix A 
contains a site location map of Balsam Lake and the surrounding area (U.S. Geological 
Survey [USGS], 1993). Balsam Lake is primarily used for recreational purposes, with 
increasing population over the past 10 years. This increase has brought additional 
development around the lake, which increased the amount of sediment and nutrients 
(phosphorus and nitrogen) into the lake. The increased sediment and nutrients caused an 
increase in the lake's algal blooms and a notable decrease in water clarity in the early 1980s. 
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II. Background 

Several studies have been done since the early 1980s to determine the water quality and 
nutrient and sediment loadings in Balsam Lake. A summary of the studies and their 
conclusions can be found in Mead & Hunt's Summary of Reports - Balsam Lake (7995). 

Past reports show that the two main problems in Balsam Lake, both of which are caused by 
excessive phosphorus input into the lake, are: 

Extreme variation in water clarity, with poor conditions during much of the summer 

Excessive weeds in select areas that receive heavy recreational usage 

High inflows of total phosphorus are due to erosion of particles from slopes with easily 
erodible soils. Agricultural and domestic wastes deliver phosphorus to water bodies that is 
later released and made available to algae when the bottom sediment of a stream becomes 
anaerobic, causing water quality problems and eventually the eutrophication of a lake.' 

Rice Creek is a major water and nutrient source to Balsam Lake (USGS, 1993). Even during 
drought years, 1987-1989, Rice Creek carried 90 percent of phosphorus received by Little 
Balsam Lake and 60 percent received by the entire Balsam Lake. Most nutrients came from 
Rice Lake and the Milltown sewage treatment plant (WDNR, 1991). Nutrient loadings to Rice 
Creek and Balsam Lake would increase in wet years because of greater nutrient release from 
the lake and surrounding areas. Therefore, removing phosphorus from the water will aid in 
reducing the algal blooms and in improving Rice Creek and Balsam Lake water quality. 

Based on the findings in past studies and reports, the BLPR, the WDNR, and the Polk 
County Land Conservation District (LCD) have taken steps to improve the water quality in 
Balsam and Rice Lake by reducing the phosphorus content. The WDNR has established the 
Balsam Lake watershed as a Priorjfy Watershed Project through the Wisconsin Nonpoint 
Source Water Pollution Abatement Program in 1 992, which provides financial and technical 
assistance to landowners and local government to reduce nonpoint source pollution. The 
Balsam Lake watershed plan, which contains lake problems, hydrologic data, proposed 
goals, eligible cost-sharing improvements, and schedules, was finalized in June 1995. The 
WDNR has also constructed several demonstration projects consistirlg of constructed 
wetlands to treat nonpoint source pollution within the Balsam Lake watershed. 

As part of the Priority Watershed, Polk County also has plans to construct water quality 
improvements within the Rice Lake watershed. The county is now working with farmers who 
own agricultural lands within the watershed to construct erosion control and water pollution 
control devices on the land. Jeff Timmons, Polk County director of land conservation, said 
that the county plans to construct several sediment basins on Rice Lake tributaries upstream 
of Rice Creek. Polk County also has plans to purchase a 100- to 200-foot buffer around Rice 
Lake to prevent nonpoint pollution ,from discharging directly into the lake. 

' Eutrophication is the process by which a water body becomes excessively rich in dissolved 
nutrients, which eventually leads to a seasonal deficiency in dissolved oxygen. 
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-The sediment in Rice Lake contains excessive phosphorus due to loading from the Milltown 
Sanitary Treatment Plant (WDNR, 1991). The WDNR has recently attempted to stabilize the 
lake bed by reestablishing wild rice there. These attempts have been unsuccessful due to 
the murky, semisolid lake bottom condition and the wind fetch of the lake, which act to 
prevent the wild rice seeds from germinating. Recently, Polk County has indicated that 
another attempt to reestablish rice vegetation on the lake bottom is planned. The lake would 
be drawn down so that little or no water remained in the lake.2 Rice Lake would be left at 
a low elevation for several months, during which time the bottom would consolidate. The 
lake would eventually be filled to a level 1 to 1.5 feet lower than its current elevation, and 
wild rice would be established on the consolidated lake bottom. 

The drawdown of Rice Lake is a tentative idea at this time; permitting issues, environmental 
impact studies, and financial resources must be obtained first. Jeff Timmons estimates that 
this drawdown may occur in 1998 if all issues get resolved. 

Using a grant from the WDNR Lake Protection Program, the BLPR has purchased an 80-acre 
parcel of land-the Glenna property, upstream of Balsam Lake along Rice Creek-on which 
to construct water quality improvements for treating phosphorus-laden water in Rice Creek. 
BLPR hired Mead & Hunt, Inc., of Madison, Wisconsin, and Enviroscience of Eden Park, 

Minnesota, to assist in planning, designing, and constructing those improvements. The first 
step in this process was to gather site data to address the feasibility of implementing the 
improvements on the property. This report documents the feasibility and assumptions of 
various alternatives on this site to improve Balsam Lake water quality. Appendix B contains 
a site location map of the Glenna property. 

* The drawdown would occur either by piping flow from the bottom of Rice Lake or by excavating 
the Rice Creek channel to allow for increased drainage. 
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Ill. Phosphorus Removal Objective 

The primary objective of this feasibility study is to analyze phosphorus removal structural 
practices along Rice Creek as it flows through the 80-acre Glenna property. Due to the other 
phosphorus control practices described in Section 11, the objective was to remove at least 
50 percent of the phosphorus loading into Balsarr~ Lake from Rice Creek. 
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